SEMICONDUCTOR DEVICE, METHOD FOR MANUFACTURING 
SEMICONDUCTOR DEVICE AND ELECTRONIC EQUIPMENT 

BACKGROUND OF THE INVENTION 

Field of the Invention 
[0001] 

The present invention relates to semiconductor devices, methods for 
manufacturing semiconductor devices, and electronic equipment. 

Description of Related Art 
[0002] 

According to a technology that is known to achieve higher density and 
larger capacity in semiconductor elements, substrates with semiconductor 
elements mounted thereon are stacked in layers in a thickness direction and 
are electrically connected to one another to make them conductive with one 
another. 
[0003] 

For example, conventionally there is a method in which substrates with 
through holes formed therein are used, and conductive members are provided 
in the through holes to make the upper and lower layers conductive with one 
another. To make the upper and lower layers conductive through the 
conductive members in the substrates, solder balls, bumps, pins and the like 
may be provided between the substrates. 
[0004] 

However, according to the conventional technology described above, 
when a plurality of substrates with semiconductor elements mounted thereon 
are to be stacked in layers, the thickness of each of the substrates, the 
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thickness of conduction means and margins between the semiconductor 
elements and substrates are added up. As a result, this causes a problems that 
the package size becomes large. Also, when different types of semiconductor 
elements are mounted, for example, through holes for chip selectors that are to 
be provided independently from others may be required, and the package size 
may become larger by the amount for the through holes, or the degree of 
freedom in designing wirings becomes lower. In this case, other substrates 
may additionally be used. However, this also leads to a large package size. 
10005] 

The present invention has been made in view of the circumstances 
described above, and an advantage is to provide semiconductor devices, 
methods for manufacturing semiconductor devices, and electronic equipment, 
which can reduce the package size. 



SUMMARY OF THE INVENTION 
[0006] 

A semiconductor device in accordance with the present invention 
includes a base substrate provided with a base wiring. A first substrate 
includes a first wiring to be electrically connected to the base wiring and is 
provided above the base substrate. A first semiconductor element includes a 
first electrode to be electrically connected to the first wiring and is provided 
between the base substrate and the first substrate. A second substrate 
includes a second wiring to be electrically connected to the base wiring and is 
provided above the first substrate. A second semiconductor element includes a 
second electrode to be electrically connected to the second wiring and is 
provided between the first substrate and the second substrate and above the 
first semiconductor element. The first substrate has a first region where the 
first semiconductor element is provided below, a second region where a portion 
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of the first wiring connects to the base wiring is located, and a first bent section 
between the first region and the second region. The second substrate has a 
third region where the second semiconductor element is provided below, a 
fourth region where a portion of the second wiring that connects to the base 
wiring is located, and a second bent section between the third region and the 
fourth region. 
[0007] 

A method for manufacturing a semiconductor device in accordance with 
the present invention includes mounting a first semiconductor element having 
a first electrode on a first substrate having a first wiring with the first 
electrode being electrically connected to the first wiring, disposing the first 
substrate above a base substrate provided with a base wiring with a surface 
side of the first substrate on which the first semiconductor device is mounted 
being opposed to the base substrate, providing a first bent section in the first 
substrate and electrically connecting the first wiring to the base wiring. The 
method also includes mounting a second semiconductor element having a 
second electrode on a second substrate having a second wiring with the second 
electrode being electrically connected to the second wiring, disposing the second 
substrate above the first substrate with a surface side of the second substrate 
on which the second semiconductor device is mounted being opposed to the first 
substrate, providing a second bent section in the second substrate, and 
electrically connecting the second wiring to the base wiring. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] 

Fig. 1 shows a diagram of a semiconductor device in accordance with one 
embodiment of the present invention. 
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[0009] 

Fig. 2 shows a cross-sectional view taken along lines a - a of Fig. 1. 

[0010] 

Fig. 3 shows a semiconductor device with a different structure in 
accordance with another embodiment of the present invention. 
[0011] 

Fig. 4 shows a semiconductor device with a different structure in 
accordance with another embodiment of the present invention. 
[0012] 

Fig. 5 shows a cross"sectional view taken along lines b - b of Fig. 4. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0013] 

Hereunder, embodiments of the present invention will be described. 

[0014] 

Fig. 1 shows a diagram of a semiconductor device in accordance with one 
embodiment of the present invention, Fig. 2 shows a cross-sectional view taken 
along lines a - a of Fig. 1. Figs. 3 and 4 show semiconductor devices with 
different structures in accordance with other embodiments of the present 
invention. Fig. 5 shows a cross-sectional view taken along lines b - b of Fig. 4. 
[0015] 

A semiconductor device shown in Fig. 1 is equipped with a base 
substrate 10, a flexible substrate 20 which is a first substrate, a first 
semiconductor element 30, a flexible substrate 40 which is a second substrate, 
and a second semiconductor element 50. 
[0016] 

The base substrate 10 may be a flexible substrate or a rigid substrate. 
The base substrate 10 has a dielectric layer having two opposing main surfaces. 
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and a base wiring 11 provided on at least one of the main surfaces of the 
dielectric layer. The dielectric layer may include a glass epoxy material, a 
polyimide material, a polyethylene terephthalate material, or the like. The 
base substrate 10 may include a multiple layered wiring substrate in which the 
base wiring 11 is also provided inside the dielectric layer. Also, the base 
substrate 10 may include a two-surface wiring substrate in which the base 
wiring 11 is also provided on the other main surface of the dielectric layer. The 
base wiring 11 provided on the surface of the dielectric layer may be covered by 
a dielectric film (protection film) that protects the base wiring 11. In this case, 
the base wiring 11 may be exposed through the dielectric film at least at 
junction sections between the first wiring 22 and the second wiring 41 to be 
described below. The dielectric film may include a glass epoxy material, a 
polyimide material, a polyethylene terephthalate material, or the like. 
[0017] 

Also, the base substrate 10, as indicated in Fig. 2 or Fig. 5, may have 
external terminals 12 to be electrically connected to the base wiring 11 on the 
other main surface. The external terminals 12 may be, as shown in the figure, 
protruded electrodes such as solder balls, pins or leads. Above the base 
substrate 10 are provided a flexible substrate 20, a first semiconductor element 
30 mounted on the flexible substrate 20, a flexible substrate 40 provided above 
the flexible substrate 20, and a second semiconductor element 50 mounted on 
the flexible substrate 40. Furthermore, above the flexible substrate 40 may be 
provided another substrate to be connected to the base substrate 10, and 
another semiconductor element mounted on that substrate. In other words, a 
plurality of semiconductor packages each including a substrate and a 
semiconductor element mounted on the substrate may be stacked in layers 
above the base substrate 10. 
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[0018] 

The flexible substrate 20 has a dielectric layer having two opposing main 
surfaces, and a first wiring 21 provided on at least one of the main surfaces of 
the dielectric layer. The flexible substrate 40 has a dielectric layer having two 
opposing main surfaces, and a second wiring 41 provided on at least one of the 
main surfaces of the dielectric layer. The dielectric layer of the flexible 
substrate 20 and the dielectric layer of the flexible substrate 40 may be formed 
from the same material, or different material. For example, a material having 
a flexibility such as a polyimide material or a polyethylene terephthalate 
material may be used as the material of the dielectric layers. The first wiring 
21 and the second wiring 41 may be formed from the same material, or may be 
formed from different materials. In other words, the flexible substrate 20 and 
the flexible substrate 40 may be formed from substrates having the same 
structure, or may be formed fi-om substrates having different structures. The 
first wiring 21 and the second wiring 41 may be formed from a plurality of 
metal layers, respectively, or may be formed from a single metal layer. As for 
the flexible substrate 20 and the flexible substrate 40, the main surface of the 
flexible substrate 20 may have generally the same area as the main surface of 
the flexible substrate, or the main surface of the flexible substrate 20 may have 
a smaller area or a greater area than the main surface of the flexible substrate 
40. 

[0019] 

When the main surface of the flexible substrate 20 has a smaller area 
than the main surface of the flexible substrate 40, and the structure indicated 
in Fig. 5 is applied, connecting sections between the second wiring 41 and the 
base wiring 11 can be provided outside the overlapping region between the 
flexible substrate 40 and the flexible substrate 20, which makes it easier to 
connect the second wiring 41 and the base wiring 11. Each of the flexible 
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substrate 20 and the flexible substrate 40 may include a multiple wiring layer 
substrate in which each of the first wiring 21 and the second wiring 41 is also 
provided inside the dielectric layer, respectively. The first wiring 21 and the 
second wiring 41 provided on the main surface of the dielectric layer may be 
covered by dielectric films (protection films) that protect the wirings. In this 
case, the first wiring 21 and the second wiring 41 may be exposed through the 
dielectric films at junction sections with the base wiring 11, to be described 
below. The dielectric film may include a flexible resin such as a polyimide 
material, a polyethylene terephthalate material or the like. 
[0020] 

The semiconductor element 30 includes an integrated circuit on the 
inside. The semiconductor element 30 has on its main surface first electrodes 
31 that are electrically connected to the integrated circuit. The first electrodes 
31 may include electrode pads that electrically connect at least to the 
integrated circuit, and protruded electrodes formed in the shape of bumps on 
the electrode pads. Similarly, the semiconductor element 50 may also include 
an integrated circuit, and has on its main surface second electrodes 51 that are 
electrically connected to the integrated circuit. The second electrodes 51 may 
also include electrode pads that electrically connect to the integrated circmt, 
and may further include protruded electrodes formed in the shape of bumps on 
the electrode pads. The semiconductor elements 30 and 50 are mounted, as 
indicated in Figs. 2 ■ 5, on surfaces of the flexible substrates 20 and 40, 
respectively, which oppose the surface of the base substrate 10. The first and 
second electrodes 31 and 51 of the first and second semiconductor elements 30 
and 50 are electrically connected to the first and second wirings 21 and 41 of 
the flexible substrates 20 and 40, respectively. The first electrodes 31 and the 
first wiring 21 may be connected by flip -chip bonding, using the protruded 
electrodes such as solder bumps as illustrated, or may be connected by wire 
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bonding. By using the flip-chip bonding method, wires do not contact the 
semiconductor element even when the gap between the substrates is narrowed, 
and therefore connection failures are difficult to occur. For this reason, 
connection failures can be reduced, and the semiconductor device can be made 
smaller. 
[0021] 

Also, the first semiconductor element 30 may be fixed to the base 
substrate 10 with a resin. The second semiconductor element 50 may be fixed 
to the flexible substrate 20 with a resin. By so doing, damages that may be 
inflicted on the first and second semiconductor elements 30 and 50 may be 
alleviated. The resin may be dielectric resin. In this case, the insulation 
between each of the substrates and the first and second semiconductor 
elements 30 and 50 can be improved. Also, a conductive resin may be used. In 
this case, the heat radiation property of the first and second semiconductor 
elements 30 and 50 improves. The first wiring 21 and the second wiring 41 of 
the flexible substrates 20 and 40 are connected to the base wiring 11 of the 
base substrate 10. The first wiring 21 and the second wiring 41 may be bonded 
to the base wiring 11. The base wiring 11 and the first wiring 21 or the second 
wiring 41 may be bonded together by a known adhesive bonding method using 
an anisotropic conductive adhesive, or a dielectric or conductive adhesive, or 
may be bonded together by a known metal bonding method such as a solder 
bonding, an alloy bonding, a gold bump bonding or the like. At least portions of 
the main surface of the base substrate 10 and the main surfaces of the flexible 
substrates 20 and 40 may contact one another. The base wiring 11, the first 
wiring 21 and the second wiring 41 may be formed with protruded sections at 
connecting sections between the base wiring 11 and the first wiring 21 or the 
second wiring 41. In this case, by forming the protruded sections, the base 
wiring 11 and the first wiring 21 or the second wiring 41 can be readily bonded 
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even when the surfaces of the wirings are covered by thick dielectric films or 
the like. The protruded sections may be formed, at connecting sections with 
the base wiring 11, by bending the first wiring 21 and the second wiring 41 to 
provide bent sections that protrude firom the substrate surface, or may be 
formed by providing step differences in the surfaces of the first wiring 21 and 
the second wiring 41, or may be formed by providing separate conductive 
members in a convex shape on the surface of the first wiring 21 and the second 
wiring 41. When the bent sections are provided, a resin may be filled in 
concave sections of the bent sections. By so doing, the stress applied to the 
bent sections may be alleviated. 
[0022] 

Also, each of the main surfaces of the flexible substrates 20 and 40 which 
oppose the surface of the base substrate 10 may be in a rectangular shape. In 
this case, each of the main surfaces of the flexible substrates 20 and 40 is 
surrounded by long sides and short sides that are shorter than the long sides. 
The short sides intersect the long sides. In this case, as indicated in Figs. 1-3, 
the flexible substrates 20 and 40 may be mounted on the base substrate 10 
such that the flexible substrates 20 and 40 mutually intersect. In other words, 
when the long sides of the flexible substrates 20 and 40. are projected onto the 
base substrate 10, the flexible substrates 20 and 40 may be disposed in a 
manner that the long sides of the flexible substrate 20 and the long sides of the 
flexible substrate 40 mutually intersect. The flexible substrate 20 includes a 
first region where the first semiconductor element 30 is mounted and a second 
region where a portion of the first wiring 21 that is connected to the base 
wiring 11 is located. Cut out opening sections 22 may be provided between the 
first region and the second region in a manner to expose at least one part of the 
first wiring 21. In this case, the flexible substrate 20 may be bent at the 
opening sections 22 as base points. Also, the flexible substrate 40 includes a 
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third region where the semiconductor element 50 is mounted and a fourth 
region where a portion of the second wiring 41 that is connected to the base 
wiring 11 is located. Cut out opening sections 42 may be provided between the 
third region and the fourth region in a manner to expose at least one part of 
the second wiring 41. 
[0023] 

In this case, the flexible substrate 40 may be bent at the opening 
sections 42 as base points. By providing such opening sections 22 and 42, the 
flexible substrate 20 or the flexible substrate 40 can be readily bent at the 
sections where the opening sections 22 and 42 are provided. This makes it easy 
for the flexible substrates 20 and 40 to maintain the bent state. Accordingly, 
stresses that are generated between the base wiring 11 and the first and 
second wirings 21 and 41 can be reduced, and therefore their connection 
reliabiUty can be improved. Each of the surfaces of the first and second 
semiconductor elements 30 and 50 having the first and second electrodes 31 
and 51 can be in a rectangular shape. In this case, each of the surfaces having 
the first and second electrodes 31 and 51 is surrounded by long sides and short 
sides that are shorter than the long sides, wherein the short sides intersect the 
long sides. In this case, as indicated in Figs. 1 and 3, the first semiconductor 
element 30 may be mounted such that its long sides are perpendicular to, 
intersect, or in parallel with the lengthwise direction of the flexible substrate 
20. 

[0024] 

The outer configuration of the second semiconductor element 50 may 
also be rectangular. In this case also, the main surface of the second 
semiconductor element 50 includes long sides and short sides that are shorter 
than the long sides and intersect the long sides. As indicated in Figs. 1 and 3, 
the semiconductor element 50 may be mounted such that its long sides are 
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perpendicular to, intersect, or in parallel with the lengthwise direction of the 
flexible substrate 40. The flexible substrate 20 and the flexible substrate 40 
may be disposed such that the long sides of the first semiconductor element 30 
and the long side of the second semiconductor element 50 are in parallel with 
each other. By disposing them in this manner, even when flexible substrates 
are used as the substrates, the first and second semiconductor elements 30 and 
50 serve as supporting members for the flexible substrates in the respective 
mounting regions, and impacts that may be applied to the first and second 
semiconductor elements 30 and 50 can be alleviated. 
[0025] 

Further, the flexible substrate 20 and the flexible substrate 40 may be 
disposed such that, when the long sides of the first semiconductor element 30 
and the long sides of the second semiconductor element 50 are projected onto 
the base substrate 10, the long sides of the first semiconductor element 30 and 
the long sides of the second semiconductor element 50 intersect each other, as 
indicated in Fig. 3. In this case, they may be disposed such that the long sides 
of the first semiconductor element 30 and the long sides of the second 
semiconductor element 50 are perpendicular to each other. By disposing them 
in this manner, the degree of fi:eedom in designing the base wiring 11, and the 
first and second wirings 21 and 41 becomes greater. 
[0026] 

Next, a method for manufacturing such a semiconductor device will be 
described. 
[0027] 

First, the first electrodes 31 provided on the first semiconductor element 
30 are electrically connected to the first wiring 21 of the flexible substrate 20 
by flip-chip bonding or wiring bonding, as described above. Similarly, the 
second electrodes 51 provided on the second semiconductor element 50 are 
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electrically connected to the second wiring 41 of the flexible substrate 40 by 
thermal bonding or the like. Then, the second semiconductor element 50 and 
the flexible substrate 20 may be fixed with a resin such as an adhesive. By so 
doing, positioning of the flexible substrates 20 and 40 with respect to the base 
substrate 10 becomes easier. Next, the flexible substrate 20 is disposed on the 
base substrate 10 with the surface side of the flexible substrate 20 on which the 
first semiconductor element 30 is mounted being opposed to the base substrate 
10, the flexible substrate 20 is bent, and the base wiring 11 and the first wiring 
21 are electrically connected to each other. The flexible substrate 20 may be 
bent at the opening sections 22 as base points as described above. Similarly, 
the flexible substrate 40 is disposed above the flexible substrate 20 with the 
surface side of the flexible substrate 40 on which the second semiconductor 
element 50 is mounted being opposed to the flexible substrate 20, the flexible 
substrate 40 is bent, and the base wiring 11 and the second wiring 41 are 
joined to each other. 
[0028] 

In this instance, as indicated in Fig. 2 and Fig. 3, the flexible substrate 
20 and the flexible substrate 40 may be disposed such that the long sides of the 
flexible substrate 20 and the long sides of the flexible substrate 40, as projected 
onto the base substrate 10, intersect each other. Also, as indicated in Fig. 4, 
the flexible substrate 20 and the flexible substrate 40 may be disposed such 
that the long sides of the flexible substrate 20 and the long sides of the flexible 
substrate 40, as projected onto the base substrate 10, are in parallel with each 
other. The flexible substrate 40 may be bent at the opening sections 42 as base 
points as described above. When the first and second wirings 21 and 41 are 
electrically connected to the base wiring 11, the connection methods described 
above can be used. 
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[0029] 

In this manner, the present embodiment is equipped with the base 
substrate 10 provided with the base wiring 11. The flexible substrate 20 
includes the first wiring 21 to be electrically connected to the base wiring 11 
and is provided above the base substrate 10. The first semiconductor element 
30 includes the first electrodes 31 to be electrically connected to the first wiring 
21 and is provided between the base substrate 10 and the flexible substrate 20. 
The flexible substrate 40 includes the second wiring 41 to be electrically 
connected to the base wiring 11 and is provided above the flexible substrate 20. 
The second semiconductor element 50 includes the second electrodes 51 to be 
electrically connected to the second wiring 41 and is provided between the 
flexible substrate 20 and the flexible substrate 40 and above the first 
semiconductor element 30. The flexible substrate 20 has the first region where 
the first semiconductor element 30 is provided below, the second region where 
a portion of the first wiring 21 that connects to the base wiring 11 is located, 
and the opening sections 22 between the first region and the second region. 
The flexible substrate 40 has the third region where the second semiconductor 
element 50 is provided below, the fourth region where a portion of the second 
wiring that connects to the base wiring is located, and the opening sections 42 
between the third region and the fourth region. As a result, even when the 
first and second semiconductor elements 30 and 50 are stacked in multiple 
layers on the base substrate 10, the package size can be made smaller because 
the thickness of the flexible substrates 20 and 40 is small. 
[0030] 

Also, since independent through holes for chip selectors are not required 
like the conventional art, and an additional carrier substrate therefore is not 
required, and thus the carrier substrate to be stacked does not need to be 
connected by connecting members, the package size can be made smaller. Also, 
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in the present embodiments, the cut out opening sections 22 and 42 are 
provided in the flexible substrates 20 and 40 in areas between the sections 
where the semiconductor elements 30 and 50 are mounted and areas where the 
flexible substrates 20 and 40 are connected to the base wiring 11 in a manner 
to expose the first and second wirings 21 and 41, and the flexible substrates 20 
and 40 are bent at the opening sections 22 and 42 as base points. As a result, 
the flexible substrates 20 and 40 can be readily bent, and the connecting state 
between the base wiring 11 and the first and second wirings 21 and 41 can be 
maintained in good condition. 
[0031] 

Also, in accordance with the present embodiments, there are no 
restrictions on the mounting configurations of the first and second 
semiconductor elements 30 and 50 with respect to the flexible substrates 20 
and 40. The first and second semiconductor elements 30 and 50 can be 
mounted so as to be in parallel with each other, as indicated in Figs. 1 and 4, or 
the first and second semiconductor elements 30 and 50 can be mounted so as to 
be perpendicular to each other, as indicated in Fig. 3. Also, the semiconductor 
device having the external terminals 12 in accordance with the present 
invention may be mounted on a circuit substrate having wirings with the 
external terminals 12 being electrically connected to the wirings. This 
substrate may be mounted on an electronic equipment such as a portable 
telephone, a digital camera or the like. As a result, even when packages that 
may be mounted on the electronic equipment increase with an increase in its 
performance, the electronic equipment can be made thinner and smaller. 
[0032] 

As described above, the semiconductor devices, method for 
manufacturing the semiconductor devices, and electronic equipment in 
accordance with the present invention are each equipped with a base substrate 
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provided with a base wiring. A first substrate includes a first wiring to be 
electrically connected to the base wiring and is provided above the base 
substrate. A first semiconductor element includes a first electrode to be 
electrically connected to the first wiring and is provided between the base 
substrate and the first substrate. A second substrate includes a second wiring 
to be electrically connected to the base wiring and is provided above the first 
substrate. A second semiconductor element includes a second electrode to be 
electrically connected to the second wiring and is provided between the first 
substrate and the second substrate and above the first semiconductor element. 
The first substrate has a first region where the first semiconductor element is 
provided below, a second region where a portion of the first wiring that 
connects to the base wiring is located, and a first bent section between the first 
region and the second region. The second substrate has a third region where 
the second semiconductor element is provided below, a fourth region where a 
portion of the second wiring that connects to the base wiring is located, and a 
second bent section between the third region and the fourth region. As a result, 
the semiconductor package size can be made smaller. 
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